Introduction
Cyclotriguaiacylene (CTG) is a chiral rigid crown-shaped macrocycle with a hydrophobic cavity 1 analogous to the achiral cyclic host molecule cyclotriveratrylene (CTV), Chart 1. CTV and its analogues may act as a molecular host, binding guest molecules in a non-covalent fashion, 2 with a particular affinity for binding fullerenes. 3 CTG can be functionalised at the upper rim through its hydroxyl substituents to give tripodal bowl-shaped ligands capable of binding three metal centres. 2 Examples of such trinuclear transition metal complexes of CTV-type ligands include Cu(II/I) complexes of hexakis(2,2'-bipyridylmethyl)cyclotriveratrylene which act as conformational switches, 4 anion-binding ferrocene-appended derivatives of CTV, 5 Ni(II)
complexes of salicylaldiminato derivatives of CTV, 6 a CuCl2 complex of tris(4-[2,2',6',2"-terpyridyl]benzyl)cyclotriguaiacylene (ligand L3 in this study), 7 Pd(II) and Cu(II) complexes of hexakis(2-pyridylmethyl)cyclotriveratrylene, 8 and a Cu(I) complex of a tris(2-pyridylmethyl)-amine decorated CTG which forms adducts with O2 and other small molecules. 9 CTV itself can also behave as an organometallic ligand to form trinuclear complexes by binding metals through its arene faces. , where NN is a bisimine moiety and X = halide, are well known to display interesting photochemical and photophysical behaviors, 11 and there is considerable precedent for rhenium-based luminescence detection of host-guest binding. 12, 13 They may exhibit long wavelength emission and large Stokes shifts which are advantageous properties for lumophores and sensors, particularly in the biomedical imaging field. 14 Long wavelengths allow larger samples to be examined, with NIR emitters
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Chart 1
In this study, we investigate tris-(bromo-fac-tricarbonylrhenium(I)
showing the highest degree of, and least damaging, tissue-penetration, 15 and easy discrimination from superfluous, high energy auto-fluorescence from endogenous tissues. Additionally long luminescence lifetimes are attractive, as auto-fluorescence can be excluded from the recorded emission profile using time resolved emission spectroscopy (TRES) 16 or fluorescence lifetime imaging microscopy (FLIM). 17 
Tris-(bromo-fac-tricarbonylrhenium(I)) complexes of CTG-type ligands are therefore
attractive candidates for the development of luminescence sensing agents given: their potential for attractive physical properties as outlined above; the ability of CTGs to act as hosts; and the precedent for rhenium based luminescence detection of host-guest binding. Furthermore, the availability of L1-L3 allows us to investigate how changes in conjugation of the ligand affect not only the photophysical properties of the trinuclear complexes, but also their solubility and hence their potential in luminescent sensing applications. While there are no previous examples of Re(CO)3X moieties being appended to CTV-type host molecules, there are a number of reports of other classes of macrocyclic host molecules being decorated in this fashion. For example, decoration of calixarenes with [Re(CO)3X(bpy) (Bpy = 2,2'-bipyridyl) groups at the upper 18, 19 or lower calixarene rim 20, 21 have been reported, and includes cases of complexes showing luminescence sensing behavior for fullerenes 18 or anions. 20 The Re(CO)3Br unit has also been employed as a building tecton to link pyridyl appended cavitands into ditopic cavitand assemblies, 22 and as metallobridges to stabilize the extended cavity of an expanded calix [4] arene. 23 In related work, the fac-Re(CO)3 unit has been used to build a variety of metallacyclic, metallacage or metallacavitand complexes.
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Results and Discussion
The ligands (±)-tris(4-[4-methyl-2,2'-bipyridyl]methyl)-cyclotriguaiacylene (L1) 25 Bowl-in-bowl stacking motifs in clathrate complexes are relatively common for both the parent CTV 27 (albeit in a slightly tilted fashion) and for upper rim functionalized analogues.
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Neighboring stacks display an alternating head-up/head-down motif with solvent diethyl ether molecules contained within the resulting channels, leading to the formation of a clathrate complex (see Supporting information, Figure S24 ). 
Photophysical Properties
Absorption and luminescence properties of ligands and complexes were determined in DMSO solution and summarised in Table 1 Emission and excitation spectra were recorded at room temperature and revealed that complex 1 demonstrates a relatively long maximum excitation wavelength, centred at 450 nm, which is significantly longer than many of the previously examined mononuclear rhenium complexes, although not exceptionally so for the halido-species, and matches the lower energy end of the electronic absorption band assigned as 1 MLCT. 30 Complex 1 shows an emission maximum at 590 nm, giving a Stokes shift of ~ 150 nm, with such large values being typical of 3 MLCT emission (see Figure 5b and Table 1 ). but with the relative intensities of the two bands altering as a function of excitation wavelength.
As can be seen in Figure 6c , in fact, exciting the higher energy excitation band biases emission towards the lower energy emission band, and vice versa, demonstrating that these must be separate electronic processes. As it is not clear how the portion of the complex containing the rhenium bipyridine unit could host two such different excited states, and as the emission band at c. 530 nm appears not to be as broad as a typical MLCT band, an examination of the photophysical properties of the ligands was undertaken. Both L1 and L2 have two bands in the emission spectrum, (L1 at 405 and 450 nm, L2 at 420 and 470 nm, supporting information Figs S26, S27) and in both cases the bands can be preferentially excited by irradiating at different parts of the spectrum (see Table 1 ). However, in both cases the lower energy excitation excites the lower energy emission, and each band is red-shifted in L2 by 10-15 nm which indicate similar processes operate in each ligand and these bands are tentatively assigned to mixed n/* transitions associated with the veratrole-, (higher energy) 32 and bipyridine-(lower energy) 33 derived portions of the chromophores. L3 shows an emission band with a slight shoulder at ca. 425 nm with a max excitation wavelength of 355 nm (see table 1 and supporting information Fig. S28 ). Again these bands are tentatively assigned to mixed n/* transitions. On the basis of all these data, considering the peak shapes, positions and lifetime profiles, it is therefore tentatively suggested that the anomalously sharp band in the emission spectrum of complex 2 at 530 nm which is associated with a lifetime of around 3 ns is of ligand-based, singlet origin, and represents a veratrole-centred transition analogous to the peak in ligand 2 observed at 470 nm which has undergone a 50 nm red-shift upon coordination, but is not undergoing intersystem crossing to the triplet, and is best considered as purely ligand based. The broader peak at around 650 nm, associated with a longer lifetime is proposed to be of triplet MLCT origin, with its shorter luminescence lifetime in comparison with complex 1 being predicted by energy gap law, whereby the red shifted emission indicates a smaller energy gap, and therefore a greater rate of non-radiative deactivation, which also acts as a quenching mechanism and weakens the emission associated with complex 2. Interestingly, excitation at different wavelengths within this region led to the maximum emission wavelength changing with excitation from 350 to 450 nm giving emission maxima from 460 to 510 nm, with intensity dropping at excitation wavelengths longer than 420 nm, Figure 7c .
Comparison of the excitation spectra with emission monochromated at 460 and 510 nm respectively, Figure 7d , showed that the three maxima observed in the original (emission 460 nm) spectrum are also observed in the spectrum monochromated at 510 nm, however with the relative intensities reversed. This is interpreted as the emission spectrum consisting of a series of broad overlapping bands arising from different electronic origins, each of these being excited through irradiation of the broad bands observed in the excitation spectra. Dual emission (see above) and excitation-dependent emission wavelengths are in breach of one of the principles of photophysics, Kasha's rule, 34 which states that emission from any molecule should be seen from only the lowest energy band of a given multiplicity (i.e. single invariable wavelengths). Rather than implying that complex 3 emits from multiple excited states in true breach of Kasha's rule, it is likely that the observed phenomena arise from what are effectively different molecular species.
Complex 3 contains three rhenium centres, each of which is coordinated by two of the three possible nitrogens of a terpyridine ligand. In solution rapid exchange between the coordinated and free terminal pyridines is observed and therefore each rhenium has at least two coordination environments, regardless of the mechanism of fluxionality. 26 Given the relative rates of electronic transitions compared to the exchange mechanisms these should be considered as separate species, and given that there are three rhenium centres per complex, each with at least two possible environments, there are at least eight solution species absorbing and emitting light.
Thus, the excitation-dependent emission is likely to result from multiple different coordination isomers absorbing and emitting at different wavelengths but so close together and that the emission spectrum appears as a continuum. Time-resolved fluorescence spectroscopy revealed complex 3 to have much shorter lifetime decays than the bands assigned to MLCT emission in complexes 1 and 2, and that the decays were multicomponent. It should be noted that the short lifetime component of complex 2 is assigned as singlet in nature and thus cannot be compared to the MLCT-assigned bands.The best fit for a decay collected at 460 nm (excitation 375 nm) was to three components of 1, 3 and 11 ns of fractional intensities 22, 48 and 30 % respectively, but it is likely that there are more than three components to the decay and it would be unwise to interpret these data further than as 
Conclusions
In conclusion we have synthesized a novel bypridine-functionalised ligand and three novel Re(CO)3Br-cavitand complexes which show interesting red-shifted luminescent properties and long wavelength excitation maxima which differ dependent on the nature of the linkage of the bipyridine donors to the CTG scaffold (ester vs. ether).
The c. 500 ns lifetime of complex 1 is ideal for biomedical cell imaging, as time-gated collection can be employed; where a pulse of light is used to excite the complex after it has been taken up into cells, a fixed time is allowed to pass, and then the emission spectrum is recorded. This technique allows any short-lived auto-fluorescence from surrounding tissue to occur and yet not be recorded in the final emission profile, thereby eliminating any uninformative fluorescence data from endogenous species such as NADP and flavones. Meanwhile, dual emission from complex 2, in addition to the academic interest in complex photophysics, offers possibilities of ratiometric sensing of analytes which would preferentially quench one of the components, e.g. specific quenching of 3 MLCT by 3 O2. 35 The introduction of carboxylic acid groups onto the bipyridine donors arms are thought to cause shorter-lived lifetimes of the excited-state rhenium complexes in aqueous solution, 36 with slit widths of 10 nm for both excitation and emission monochromators. Time-resolved spectra were recorded on a PicoQuant FluoTime 300 exciting with an LDH-P-C-375 and decays analysed with the program FluoFit. Photophysical studies were performed in DMSO (to ensure full dissolution of the solids). The lifetime of the complex is defined as the time at which the emission intensity has dropped to e -1 times the initial intensity I0. To calculate this value the dark counts must be taken into account, as the intensity of the emission does not drop to 0, but plateaus at ~2000 a.u. The data must be normalised to reflect the baseline dark count. Therefore the average dark count value is subtracted from all recorded intensities to give an I0 of 8000 a.u.
As stated, I = I0 x e -1 , leading to an I value of 2943 a.u., which corresponds to a value of 0.467 s, or 467 ns for complex 1 and a two component lifetime of 3 ns and 23 ns for complex 2 as confirmed by TRES measurements and analysis with FluoroFit.
X-ray Crystallography
Crystals were mounted under inert oil on a MiTeGen tip and flash frozen to 100(1) K using an OxfordCryosystems low temperature device. X-ray diffraction data were collected using Cu-K radiation ( = 1.54184 Å) using an Agilent Supernova dual-source diffractometer with Atlas S2
CCD detector and fine-focus sealed tube generator. Data were corrected for Lorenztian and polarization effects and absorption corrections were applied using multi-scan methods. The structures were solved by direct methods using SHELXS-97 and refined by full-matrix on F 2 using SHELXL-97. 39 Unless otherwise specified, all non-hydrogen atoms were refined as anisotropic, and hydrogen positions were included at geometrically estimated positions. Crystals of L1•(Et2O) were of poor quality, with poor internal consistency (Rint = 0.1955) and only exhibited weak diffraction, with no diffraction at high angles. Attempts to grow higher quality crystals were not successful. For complex 1•n(CH3NO2) solvent CH3NO2 and some CO ligands were refined isotropically and one C=O bond length restrained. For complex 3•n(DMSO)
carbonyl ligands and disordered DMSO were refined isotropically, and restraints were placed on some C=O and metal-carbonyl bond lengths. Hydrogen positions were not calculated for the highly disordered DMSO. Both 1•n(CH3NO2) and 3•n(DMSO) contained significant void space with residual electron density which could not be meaningfully modelled as solvent, hence the SQUEEZE routine of PLATON was employed in these structures. 40 Additional details of data collections and structure solutions are given in Table 2 , given formulas correspond to the levels of solvation shown by crystallography. 
